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Clinical PerspectiveWhat Is New?We present the first evidence that socioeconomic position, no matter when measured across the first decade of life, is associated with carotid intima--media thickness at ages 11 to 12 years.Children in the lowest socioeconomic quartile at 11 to 12 years of age were 46% more likely to have a carotid intima--media thickness \>75th percentile---this corresponds to a vascular age \>8 years older than their 50th‐percentile counterparts.The association is independent of age, sex, puberty, and traditional risk factors such as body mass index, blood pressure, and passive smoking exposure.What Are the Clinical Implications?Family, rather than neighborhood, socioeconomic position in the first 10 years of life may be an important indicator of early subclinical atherosclerosis.The long‐term implications of increased intima--media thickness at ages 11 to 12 years need to be confirmed.Carotid ultrasound may be a useful component of pediatric cardiovascular risk assessment.

Introduction {#jah32404-sec-0008}
============

The association between lower socioeconomic position (SEP) and higher risk of cardiovascular disease (CVD) mortality and morbidity is an enduring relationship in cardiovascular epidemiology.[1](#jah32404-bib-0001){ref-type="ref"}, [2](#jah32404-bib-0002){ref-type="ref"} Understanding when associations between SEP and CVD first appear may help address the increasing social gradients in CVD outcomes and risk factors.[1](#jah32404-bib-0001){ref-type="ref"}, [3](#jah32404-bib-0003){ref-type="ref"} Preventative strategies in childhood are more effective than those initiated in adulthood, as childhood is when important health behaviors such as diet and physical activity patterns are established.[4](#jah32404-bib-0004){ref-type="ref"} Reducing social disparities in CVD requires better understanding of the early life determinants of atherosclerosis.

Carotid intima--media thickness (IMT) allows noninvasive quantification of the early development of atherosclerosis.[5](#jah32404-bib-0005){ref-type="ref"} It is an important predictor of later life cardiovascular events in adults[6](#jah32404-bib-0006){ref-type="ref"}, [7](#jah32404-bib-0007){ref-type="ref"} and reflects the burden of atherosclerosis at autopsy.[8](#jah32404-bib-0008){ref-type="ref"} Traditional risk factors such as hyperlipidemia and hypertension are cross‐sectionally associated with thicker carotid IMT in both adults and children,[5](#jah32404-bib-0005){ref-type="ref"} and childhood risk factors predict adult carotid IMT in longitudinal studies.[9](#jah32404-bib-0009){ref-type="ref"}

Lower SEP is cross‐sectionally associated with thicker carotid IMT in adults,[10](#jah32404-bib-0010){ref-type="ref"}, [11](#jah32404-bib-0011){ref-type="ref"}, [12](#jah32404-bib-0012){ref-type="ref"}, [13](#jah32404-bib-0013){ref-type="ref"} and evidence suggests that this association may already be apparent in adolescence.[14](#jah32404-bib-0014){ref-type="ref"} Most studies in younger people are limited by modest sample sizes with wide age ranges, leading to potential confounding, for example, by pubertal stage. Moreover, the distinction between family SEP and neighborhood SEP is often overlooked,[15](#jah32404-bib-0015){ref-type="ref"} and few studies have assessed both measures longitudinally in the same study.

To address these knowledge gaps, we analyzed data from the Child Heath CheckPoint (CheckPoint), nested within the Longitudinal Study of Australian Children (LSAC), to investigate whether and when in the life course lower family or neighborhood SEP measures were associated with thicker carotid IMT at ages 11 to 12 years.

Methods {#jah32404-sec-0009}
=======

Study Design and Participants {#jah32404-sec-0010}
-----------------------------

In LSAC, 5107 healthy infants were randomly recruited in 2004 at 0 to 1 year of age as a nationally representative birth cohort. Children were followed up biennially in "waves" of data collection, collecting anthropometric, cognitive, and detailed sociodemographic questionnaire data. The response rate to the initial mailed invitation in 2004 was 57.2%, of which 73.7% (n=3764) were retained for LSAC wave 6 in 2014 (at ages 10--11 years). All contactable and consenting LSAC birth cohort families were then invited to participate in CheckPoint (n=3513), a cross‐sectional biophysical markers wave nested between LSAC waves 6 and 7. Overall, 1875 families participated in CheckPoint throughout Australia, and 1874 families gave informed consent for use of their collected data.

### Ethics and inclusion criteria {#jah32404-sec-0011}

CheckPoint data collection occurred in 2015 immediately after LSAC wave 6, when the children were age 11 to 12 years, and was approved by the Royal Children\'s Hospital (Melbourne, Australia) human research ethics committee (33225D) and the Australian Institute of Family Studies ethics committee (14‐26). Participating families were included in the current analyses if SEP data from LSAC wave 6 and carotid IMT data from CheckPoint were available (Figure [1](#jah32404-fig-0001){ref-type="fig"}).

![Flow diagram of participant pathway and sources of data used in analysis. CheckPoint indicates Child Health CheckPoint; IMT, intima--media thickness; LSAC, Longitudinal Study of Australian Children; SEP, socioeconomic position.](JAH3-6-e005925-g001){#jah32404-fig-0001}

### Procedures {#jah32404-sec-0012}

Assessors collected data on residential postcode, parental income, education and occupation, height, weight, and puberty through parent and child questionnaires in biennial home visits from 2004 (wave 1) to 2014 (wave 6). Carotid IMT, lumen diameter, height, weight, and puberty status were also collected in 2015 at a specialized CheckPoint assessment center visit. Those families who could not arrange a visit were given the option of a home visit, at which some measures such as carotid IMT were not obtained.

Socioeconomic Position {#jah32404-sec-0013}
----------------------

Both neighborhood SEP and family SEP were measured in LSAC wave 6, ≈12 months before measurement of biophysical measures in CheckPoint (range: −4 to 20 months). In addition, we included longitudinal SEP measures from preceding LSAC waves 1 to 5 (ages 0--9 years).

### Neighborhood SEP {#jah32404-sec-0014}

A Socio‐Economic Indexes for Areas (SEIFA) score of the postcode region where the participating family lived was used as a measure of neighborhood SEP. The SEIFA Index of Relative Socioeconomic Advantage and Disadvantage score was a standardized score by geographic area compiled from census data to numerically summarize the social and economic conditions of Australian neighborhoods. It had a national mean of 1000 and a standard deviation of 100, where higher values represent more advantage and less disadvantage.[16](#jah32404-bib-0016){ref-type="ref"}

### Family SEP {#jah32404-sec-0015}

We used a previously constructed composite measure for family SEP analyses.[17](#jah32404-bib-0017){ref-type="ref"} This SEP variable summarized parent‐reported combined household income, current or most recent occupation of each parent, and highest achieved educational qualification of each parent. Each component of the score was scaled, and an unweighted average was calculated over 3 values in a single‐parent household or over 5 values in a dual‐parent household. The unweighted average variable at each LSAC wave was then standardized within the wave to have a mean of 0 and SD of 1. Our main analyses used LSAC wave 6 (ages 10--11 years) family SEP.

### Parental education {#jah32404-sec-0016}

We defined parental education as the highest education achieved by either parent, based on the LSAC wave 6 parental questionnaires. Parental education was categorized into 5 groups a priori according to classifications previously used in LSAC analyses[18](#jah32404-bib-0018){ref-type="ref"}: tertiary educated, completed high school (year 12) and a certificate/diploma, completed year 12 only, completed less than year 12 and a certificate/diploma, and completed less than year 12 only. For sensitivity analyses, we also collapsed the categories into those who completed tertiary education, completed high school only, and completed neither.

### Parental occupational status {#jah32404-sec-0017}

We defined parental occupation as the most skillful occupation held by either parent, coded according to Australian and New Zealand Standard Classification of Occupations (ANZSCO).[19](#jah32404-bib-0019){ref-type="ref"} Using data from LSAC wave 6 parental questionnaires, we categorized a priori highest parental occupation into 4 main categories, dependent on the occupation\'s required skill level. The categories included (1) manager or professional; (2) technician, tradesperson, community or personal service staff; (3) clerical or sales staff; and (4) machinery operator, driver, or laborer. We also matched ANZSCO 2‐digit codes to the Australian Socioeconomic Index 2006 (AUSEI06) occupational scores for sensitivity analyses.[20](#jah32404-bib-0020){ref-type="ref"} This provided a continuous numerical measure of occupation‐based SEP as an alternative way of arranging the occupations in order of skill requirement in finer detail.

### Household income {#jah32404-sec-0018}

Singly imputed self‐reported weekly income of each parent and other sources, derived from LSAC data, was used as a measure of combined household income.[21](#jah32404-bib-0021){ref-type="ref"} In the technical papers outlining the imputation process, the modified variables were considered more representative of the overall sample and more appropriate for analysis; their routine use over complete case analysis was recommended.[21](#jah32404-bib-0021){ref-type="ref"} We subsequently divided the combined household income by the square root of the number of family members in the household to obtain an equivalized household income that accounted for family size.

Carotid IMT {#jah32404-sec-0019}
-----------

Carotid artery images were acquired using standardized protocols developed in accordance with recommendations of the American Society of Echocardiography and Mannheim Consensus statements.[22](#jah32404-bib-0022){ref-type="ref"}, [23](#jah32404-bib-0023){ref-type="ref"} All participants lay supine with their head turned 45° to the left to expose the right side of neck. The right carotid artery was chosen to harmonize with other vascular measures taken in the same assessment, such as pulse wave velocity, which also assessed the right‐sided circulation. Ultrasound images were obtained using a 10‐MHz linear array probe (Vivid I; GE Healthcare). Real‐time B‐mode ultrasound cine loops were captured in triplicate by 1 of 4 trained technicians. Modified 3‐lead ECG captured cardiac‐cycle information concurrently.

Images were transferred to digital storage and assessed by 1 technician, who selected the single best cine loop of 5 to 6 cardiac cycles. These loops were further processed using Carotid Analyzer (Medical Imaging Applications), a commercially available semiautomatic edge‐detection software program. IMT was measured ≈10 mm proximal to the carotid bulb, over a distance of 5 to 10 mm.

### Mean, maximum, and higher risk IMT {#jah32404-sec-0020}

Carotid IMT values are presented as the mean of 3 to 5 still frames of IMT captured at end‐diastole. We used both *mean* carotid IMT measurements, which referred to the average from 3‐ to 5‐ frames of the entire carotid IMT measurement over the 5‐ to 10‐mm section, and *maximum* carotid IMT, which referred to the 3‐ to 5‐frame mean of the thickest carotid IMT measurement over the 5‐ to 10‐mm section.

Six trained raters measured all cine loops. Training consisted of 30 example cine loops that were subsequently assessed for consistency by an expert rater (R.S.L.). We assessed protocol drift and reliability between raters by randomly reanalyzing a subset of 105 images in quadruplicate. Inter‐ and intrarater reliability of the carotid IMT measurement was good and comparable to other published results.[24](#jah32404-bib-0024){ref-type="ref"} The within‐observer coefficients of variation were 6.5% and 4.9% for mean and maximum carotid IMT values, respectively, and the between‐observer coefficients of variation were 9.5% and 6.2%, respectively. Within‐observer intraclass correlations were 0.71 (95% confidence interval \[CI\], 0.63--0.78) and 0.62 (95% CI, 0.54--0.71), respectively. Between‐observer intraclass correlations were 0.64 (95% CI, 0.54--0.74) and 0.59 (95% CI, 0.49--0.68).

To provide clinical context for our findings, carotid IMT measurements \>75th percentile in our sample were categorized as *higher risk* carotid IMT for both mean and maximum carotid IMT measurements.

Other Sample Characteristics {#jah32404-sec-0021}
----------------------------

### Age, sex, and puberty {#jah32404-sec-0022}

Age at assessment was collected at each wave by calculating the days between the participant\'s date of birth and date of assessment. Sex and pubertal stage were determined by self‐report in questionnaires. Participants were categorized into *prepubertal, early pubertal, midpubertal, late pubertal*, and *postpubertal* stages using the Pubertal Development Scale.[25](#jah32404-bib-0025){ref-type="ref"}

### Anthropometry {#jah32404-sec-0023}

Using a portable stadiometer, participant height was measured without shoes, in light clothing, and in duplicate, to the nearest 0.1 cm. A third measurement was taken if the difference of the first 2 height measurements was \>0.5 cm; final height was the mean of all measurements made. Weight, to the nearest 0.1 kg, was measured with an InBody230 bioelectrical impedance analysis scale. An age‐ and sex‐adjusted body mass index *z* score was calculated using the US Centers for Disease Control and Prevention growth reference charts.[26](#jah32404-bib-0026){ref-type="ref"}

### Blood pressure {#jah32404-sec-0024}

Blood pressure was measured using a SphygmoCor XCEL system (AtCor Medical Pty Ltd). Preceded by 7 minutes in supine position at rest, systolic and diastolic blood pressures were measured at the brachial artery up to 3 times. The mean values for systolic and diastolic blood pressure were used (shown as SBP and DBP, respectively) in the following equation to derive an estimated mean arterial pressure (shown as MAP):$$\text{MAP} = {\text{DBP} + \frac{1}{3}{(\text{SBP} - \text{DBP})}}$$

### Smoking at home and other demographics {#jah32404-sec-0025}

In a written questionnaire at each LSAC wave, parents reported the number of smokers at home. We created a binary variable of "ever exposed to passive smoke" from these data; it was positive for the child if the answer to the smokers‐at‐home question in any LSAC wave (ages 0--11 years) was \>0. Details of Aboriginal or Torres Strait Islander status and whether other languages were spoken at home were collected from parent report at wave 1 and used as binary variables in analysis.

Statistical Analyses {#jah32404-sec-0026}
--------------------

All statistical analyses were performed using Stata 14.1 (StataCorp LP). Quartiles were based on the analytic sample (n=1477). We addressed the first aim of our study by constructing linear regression models using carotid IMT as the outcome. Both neighborhood SEP and family SEP from LSAC wave 6 were used as categorical variables split at sample derived quartiles. The exposure variable was modeled both linearly, assuming each quartile increment would have the same magnitude of effect, and categorically in comparison to the baseline lowest quartile group. Covariates were selected a priori to be included in adjusted models. Additional adjustment for both neighborhood and family SEP in the same model was performed to examine which variable explained more of the variance in carotid IMT.

We subsequently explored the components of family SEP using categorical SEP variables in linear regression models. Covariates were selected a priori to be included in adjusted models, and adjustment for each SEP component was undertaken in the further adjusted model.

We used modified Poisson regression models[27](#jah32404-bib-0027){ref-type="ref"} to estimate the relative risk of having a higher risk carotid IMT between exposure quartiles of family and neighborhood SEP and components of family SEP.

Equivalent neighborhood and family SEP variables collected in previous study waves were used as categorical variables in analyses replicating the first aim to address whether time of measurement of SEP was relevant. Each model included the carotid IMT outcome at CheckPoint, with SEP exposure at the single time point of each previous wave.

We used multiple imputation with the method of chained equations[28](#jah32404-bib-0028){ref-type="ref"} to generate plausible values for missing data to recover information from incomplete cases and to reduce potential biases introduced by complete case analysis. Imputation was conducted for all variables with missing data (Table [1](#jah32404-tbl-0001){ref-type="table-wrap"}), and results were compared with complete case analysis. The imputation model included all analytic variables as well as Aboriginal and Torres Strait Islander status and whether a language other than English was spoken at home. Twenty data sets were imputed, and analyses were performed using the *mi* set of commands in Stata. Results with and without imputation were comparable; we chose to present complete case analyses as our main results and included any notable differences from imputation in our description of these sensitivity analyses.

###### 

Number of Participants in Analytic Sample (n=1477) With Missing Data for Variables Used in Analyses

  Characteristics                          Participants With Missing Data, n (%)
  ---------------------------------------- ---------------------------------------
  Family SEP                               0 (0.0)
  Neighborhood SEP                         0 (0.0)
  Male sex                                 0 (0.0)
  Age                                      0 (0.0)
  Aboriginal or Torres Strait Islander     0 (0.0)
  Non‐English language at home             0 (0.0)
  Ever exposed to smoke at home            1 (0.1)
  Height                                   1 (0.1)
  Weight                                   1 (0.1)
  Body mass index *z* score, CDC           1 (0.1)
  Systolic blood pressure                  100 (6.8)
  Diastolic blood pressure                 100 (6.8)
  Estimated mean arterial pressure         100 (6.8)
  Puberty development category             111 (7.5)
  Highest parental education category      0 (0.0)
  Highest parental occupational category   18 (1.2)
  Equivalized household income             62 (4.2)
  Mean carotid IMT                         0 (0.0)
  Maximum carotid IMT                      0 (0.0)
  Minimum lumen--lumen diameter            69 (4.7)

CDC indicates Centers for Disease Control and Prevention; IMT, intima--media thickness; SEP, socioeconomic position.

Results {#jah32404-sec-0027}
=======

Characteristics of the Study Participants {#jah32404-sec-0028}
-----------------------------------------

We collected SEP data and child carotid IMT measurements from 1477 families (79% of the total CheckPoint cohort; Figure [1](#jah32404-fig-0001){ref-type="fig"}). In attrition analyses, the present cohort had higher family and neighborhood SEP compared with those who did not undertake carotid IMT measurements in the latest follow‐up and those who did not participate in the follow‐up (Table [2](#jah32404-tbl-0002){ref-type="table-wrap"}).[29](#jah32404-bib-0029){ref-type="ref"} The sample mean family SEP was 0.24 SD above the mean SEP of all families at LSAC wave 6 and 0.37 SD above the mean SEP of all 5107 families enrolled in LSAC. The Pearson correlation coefficient between family and neighborhood SEP at LSAC wave 6 was 0.37.

###### 

Characteristics of Excluded Participants

  Characteristics                                            CheckPoint (Age 11--12 Y)   Wave 6 (Age 10--11 Y)   Wave 1 (Age 0--1 Y)                                                                                                                                                                    
  ---------------------------------------------------------- --------------------------- ----------------------- --------------------- ------------------ ----------------- ------------------ --------------------------------------------------- ---------------------------------------------------- ----------------------------------------------------
  Family SEP at assessment                                   0.24 (0.97)                 −0.09 (1.02)            0.17 (0.99)           0.24 (0.97)        −0.16 (0.99)      0.00 (1.00)        0.37 (0.94)                                         −0.15 (0.98)                                         0.00 (1.00)
  Neighborhood SEP at assessment                             1032 (68)                   1013 (70)               1028 (69)             1032 (68)          1005 (74)         1016 (73)          1021 (83)                                           997 (75)                                             1004 (79)
  Male sex (%)                                               738 (50.0)                  217 (54.7)              955 (51.0)            738 (50.0)         1191 (52.1)       1929 (51.2)        738 (50.0)                                          1870 (51.5)                                          2608 (51.1)
  Age at assessment, y                                       11.9 (0.4)                  12.2 (0.4)              11.9 (0.4)            10.9 (0.3)         10.9 (0.3)        10.9 (0.3)         0.8 (0.2)                                           0.8 (0.2)                                            0.8 (0.2)
  Aboriginal or Torres Strait Islander (%)                   21 (1.4)                    16 (4.0)                37 (2.0)              21 (1.4)           85 (3.7)          106 (2.8)          21 (1.4)                                            209 (5.8)                                            230 (4.5)
  Non‐English language at home (%)                           104 (7.0)                   44 (11.1)               148 (7.9)             104 (7.0)          225 (9.8)         329 (8.7)          104 (7.0)                                           437 (12.0)                                           541 (10.6)
  Ever exposed to smoke at home (%)                          211 (14.3)                  88 (22.2)               299 (16.0)            211 (14.3)         588 (25.7)        799 (21.2)         106 (7.7)                                           541 (18.2)                                           647 (14.9)
  Height at assessment, cm                                   153.5 (8.0)                 155.4 (7.9)             153.9 (8.0)           146.3 (7.1)        146.2 (7.2)       146.2 (7.1)        0.3 (1.2)[a](#jah32404-note-0005){ref-type="fn"}    0.2 (1.2)[a](#jah32404-note-0005){ref-type="fn"}     0.2 (1.2)[a](#jah32404-note-0005){ref-type="fn"}
  Weight at assessment, kg                                   45.4 (10.4)                 47.5 (11.3)             45.8 (10.6)           39.9 (8.6)         40.9 (10.1)       40.5 (9.6)         0.0 (1.1)[a](#jah32404-note-0005){ref-type="fn"}    −0.1 (1.1)[a](#jah32404-note-0005){ref-type="fn"}    0.0 (1.1)[a](#jah32404-note-0005){ref-type="fn"}
  Body mass index *z* score, CDC                             0.30 (0.97)                 0.32 (1.05)             0.31 (0.99)           0.22 (1.10)        0.31 (1.24)       0.27 (1.19)        ···                                                 ···                                                  ···
  Systolic blood pressure, mm Hg                             108.2 (8.0)                 108.0 (8.6)             108.1 (8.1)           97.0 (10.6)        98.1 (11.4)       97.6 (11.1)        ···                                                 ···                                                  ···
  Diastolic blood pressure, mm Hg                            62.9 (5.6)                  60.7 (6.4)              62.41 (5.9)           58.2 (8.0)         58.9 (8.6)        58.6 (8.3)         ···                                                 ···                                                  ···
  Estimated mean arterial pressure, mm Hg                    78.0 (5.7)                  76.5 (6.4)              77.66 (5.9)           71.1 (7.7)         72.0 (8.5)        71.6 (8.2)         ···                                                 ···                                                  ···
  Puberty development category (%)                                                                                                                                                             ···                                                 ···                                                  ···
  Prepubertal                                                138 (10.1)                  27 (7.4)                165 (9.5)             606 (41.3)         851 (38.9)        1457 (39.9)        ···                                                 ···                                                  ···
  Early pubertal                                             346 (25.3)                  99 (27.1)               445 (25.7)            385 (26.2)         626 (28.6)        1011 (27.7)        ···                                                 ···                                                  ···
  Midpubertal                                                713 (52.2)                  170 (46.6)              883 (51.0)            440 (30.0)         627 (28.7)        1067 (29.2)        ···                                                 ···                                                  ···
  Late pubertal                                              165 (12.1)                  64 (17.5)               229 (13.2)            36 (2.5)           80 (3.7)          116 (3.2)          ···                                                 ···                                                  ···
  Postpubertal                                               4 (0.3)                     5 (1.4)                 9 (0.5)               0 (0.0)            4 (0.2)           4 (0.1)            ···                                                 ···                                                  ···
  Highest parental education category at assessment (%)                                                                                                                                                                                                                                                 
  Tertiary graduate                                          874 (59.2)                  176 (44.3)              1050 (56.0)           874 (59.2)         952 (41.8)        1826 (48.6)        822 (56.7)                                          1148 (36.4)                                          1970 (42.8)
  Y 12 and diploma/certificate                               346 (23.4)                  113 (28.5)              459 (24.5)            346 (23.4)         633 (27.8)        979 (26.1)         328 (22.6)                                          853 (27.0)                                           1181 (25.7)
  Y 12 only                                                  82 (5.6)                    43 (10.8)               125 (6.7)             82 (5.6)           200 (8.8)         282 (7.5)          129 (8.9)                                           374 (11.9)                                           503 (10.9)
  Y \<12 and diploma/certificate                             149 (10.1)                  51 (12.8)               200 (10.7)            149 (10.1)         392 (17.2)        541 (14.4)         136 (9.4)                                           519 (16.5)                                           655 (14.2)
  Y \<12 only                                                26 (1.8)                    14 (3.5)                40 (2.1)              26 (1.8)           102 (4.5)         128 (3.4)          34 (2.3)                                            261 (8.3)                                            295 (6.4)
  Highest parental occupational category at assessment (%)                                                                                                                                                                                                                                              
  Manager/professional (ANZSCO 1--2)                         979 (67.1)                  218 (56.5)              1197 (64.9)           979 (67.1)         1177 (53.7)       2156 (59.0)        856 (61.5)[b](#jah32404-note-0006){ref-type="fn"}   1346 (48.3)[b](#jah32404-note-0006){ref-type="fn"}   2202 (52.7)[b](#jah32404-note-0006){ref-type="fn"}
  Trade/services (ANZSCO 3--4)                               283 (19.4)                  98 (25.4)               381 (20.7)            283 (19.4)         565 (25.8)        848 (23.2)         295 (21.2)[b](#jah32404-note-0006){ref-type="fn"}   738 (26.5)[b](#jah32404-note-0006){ref-type="fn"}    1033 (24.7)[b](#jah32404-note-0006){ref-type="fn"}
  Clerical/sales (ANZSCO 5--6)                               152 (10.4)                  53 (13.7)               205 (11.1)            152 (10.4)         294 (13.4)        446 (12.2)         159 (11.4)[b](#jah32404-note-0006){ref-type="fn"}   384 (13.8)[b](#jah32404-note-0006){ref-type="fn"}    543 (13.0)[b](#jah32404-note-0006){ref-type="fn"}
  Laborer/driver/operator (ANZSCO 7--8)                      45 (3.1)                    17 (4.4)                62 (3.4)              45 (3.1)           157 (7.2)         202 (5.5)          82 (5.9)[b](#jah32404-note-0006){ref-type="fn"}     318 (11.4)[b](#jah32404-note-0006){ref-type="fn"}    400 (9.6)[b](#jah32404-note-0006){ref-type="fn"}
  Equivalized household income at assessment, \$AUD/week     1140 (794--1579)            995 (625--1379)         1100 (751--1547)      1140 (794--1579)   957 (608--1379)   1027 (670--1455)   767 (553--1032)                                     642 (424--894)                                       674 (460--950)

Continuous, normally distributed variables were reported as mean (standard deviation) and categorical variables as number (%). Equivalized household income (in AUD) calculated as household (parental and other) weekly income divided by the square root of the number of family members, summarized by median (interquartile range). The final CheckPoint sample size was 1874 because 1 family declined to share their data after participation. ANZSCO indicates Australian and New Zealand Standard Classification of Occupations; AUD, Australian dollars; CDC, Centers for Disease Control and Prevention; CheckPoint, Child Health CheckPoint; IMT, intima--media thickness; LSAC, Longitudinal Study of Australian Children; SEP, socioeconomic position.

Birth weight and height *z* scores, based on Australian sex and gestational age reference values.[29](#jah32404-bib-0029){ref-type="ref"}

Parental occupation categories were measured at LSAC wave 2 (age 2--3 years).

The study sample trends of family SEP are outlined in Table [3](#jah32404-tbl-0003){ref-type="table-wrap"}. Gradients across family SEP quartiles (with a consistent increase or decrease in mean values per quartile) were observed in Aboriginal or Torres Strait Islander status, passive smoking exposure, child weight, blood pressure, and pubertal development. The mean--mean and mean--maximum carotid IMTs were 497 μm (SD 59 μm) and 581 μm (47 μm), respectively. The Pearson correlation coefficient between mean and maximum carotid IMT was 0.76.

###### 

Trends in Sample Characteristics by Quartile of LSAC Wave 6 Family SEP

  Characteristic                                                                      Total (n=1477)     By Family SEP Quartile (at Age 10--11 Y)                                         
  ----------------------------------------------------------------------------------- ------------------ ------------------------------------------ ------------------ ------------------ ----------------
  Family SEP[a](#jah32404-note-0008){ref-type="fn"}                                   0.24 (0.97)        1.44 (0.35)                                0.61 (0.19)        −0.09 (0.21)       −0.99 (0.61)
  Neighborhood SEP[a](#jah32404-note-0008){ref-type="fn"}                             1032 (68)          1062 (58)                                  1040 (67)          1022 (66)          1004 (68)
  Male sex (%)                                                                        738 (50.0)         183 (49.5)                                 184 (49.9)         172 (46.6)         199 (53.9)
  Age at assessment, y                                                                11.9 (0.4)         11.9 (0.4)                                 11.8 (0.4)         11.9 (0.4)         11.9 (0.4)
  Aboriginal or Torres Strait Islander[b](#jah32404-note-0009){ref-type="fn"} (%)     21 (1.4)           2 (0.5)                                    1 (0.3)            8 (2.2)            10 (2.7)
  Non‐English language at home[b](#jah32404-note-0009){ref-type="fn"} (%)             104 (7.0)          20 (5.4)                                   29 (7.9)           29 (7.9)           26 (7.0)
  Ever exposed to smoke at home[b](#jah32404-note-0009){ref-type="fn"} (%)            211 (14.3)         18 (4.9)                                   34 (9.2)           64 (17.3)          95 (25.8)
  Child height, cm                                                                    153.5 (8.0)        153.5 (8.3)                                153.2 (7.8)        153.8 (7.5)        153.4 (8.3)
  Child weight, kg                                                                    45.4 (10.4)        44.1 (9.0)                                 44.8 (9.8)         45.8 (10.9)        46.9 (11.4)
  Body mass index *z* score, CDC                                                      0.30 (0.97)        0.17 (0.88)                                0.28 (0.94)        0.30 (1.03)        0.46 (1.01)
  Mean systolic blood pressure, mm Hg                                                 108.2 (8.0)        107.2 (7.4)                                107.8 (8.1)        108.8 (7.9)        109.0 (8.4)
  Mean diastolic blood pressure, mm Hg                                                62.9 (5.6)         62.3 (5.5)                                 62.5 (5.7)         63.2 (5.2)         63.4 (6.1)
  Estimated mean arterial blood pressure, mm Hg                                       78.0 (5.7)         77.3 (5.4)                                 77.6 (5.8)         78.4 (5.4)         78.6 (6.2)
  Pubertal development category (%)                                                                                                                                                       
  Prepubertal                                                                         138 (10.1)         37 (10.7)                                  36 (10.5)          41 (12.1)          24 (7.1)
  Early pubertal                                                                      346 (25.3)         107 (30.8)                                 81 (23.6)          76 (22.4)          82 (24.4)
  Midpubertal                                                                         713 (52.2)         171 (49.3)                                 181 (52.8)         183 (53.8)         178 (53.0)
  Late pubertal                                                                       165 (12.1)         31 (8.9)                                   45 (13.1)          40 (11.8)          49 (14.6)
  Postpubertal                                                                        4 (0.3)            1 (0.3)                                    0 (0.0)            0 (0.0)            3 (0.9)
  Highest parental education category[a](#jah32404-note-0008){ref-type="fn"} (%)                                                                                                          
  Tertiary graduate                                                                   874 (59.2)         369 (99.7)                                 327 (88.6)         149 (40.4)         29 (7.9)
  Y 12 and diploma/certificate                                                        346 (23.4)         1 (0.3)                                    35 (9.5)           165 (44.7)         145 (39.3)
  Y 12 only                                                                           82 (5.6)           0 (0.0)                                    3 (0.8)            20 (5.4)           59 (16.0)
  Y \<12 and diploma/certificate                                                      149 (10.1)         0 (0.0)                                    4 (1.1)            34 (9.2)           111 (30.1)
  Y \<12 only                                                                         26 (1.8)           0 (0.0)                                    0 (0.0)            1 (0.3)            25 (6.8)
  Highest parental occupational category[a](#jah32404-note-0008){ref-type="fn"} (%)                                                                                                       
  Manager/professional (ANZSCO 1--2)                                                  979 (67.1)         370 (100.0)                                329 (89.2)         223 (60.4)         57 (16.2)
  Trade/services (ANZSCO 3--4)                                                        283 (19.4)         0 (0.0)                                    27 (7.3)           92 (24.9)          164 (46.7)
  Clerical/sales (ANZSCO 5--6)                                                        152 (10.4)         0 (0.0)                                    13 (3.5)           53 (14.4)          86 (24.5)
  Laborer/driver/operator (ANZSCO 7--8)                                               45 (3.1)           0 (0.0)                                    0 (0.0)            1 (0.3)            44 (12.5)
  Equivalized household income[a](#jah32404-note-0008){ref-type="fn"}, \$AUD/week     1140 (794--1579)   1703 (1296--2392)                          1253 (957--1646)   1027 (766--1286)   716 (433--995)
  Far wall intima--media thickness                                                                                                                                                        
  Mean, μm                                                                            497.1 (58.9)       494.5 (58.1)                               499.1 (60.1)       495.7 (60.9)       499.0 (56.6)
  Maximum, μm                                                                         581.3 (46.7)       575.9 (41.7)                               579.3 (49.7)       582.8 (49.0)       587.1 (45.3)
  Minimum lumen diameter, mm                                                          4.85 (0.41)        4.90 (0.38)                                4.84 (0.42)        4.83 (0.42)        4.85 (0.42)

Continuous, normally distributed variables were reported as mean (standard deviation), and categorical variables as number (%). Equivalized household income (\$AUD) calculated as household (parental and other) weekly income divided by the square root of the number of family members, summarized by median (IQR). One‐digit codes of parental occupation grouped into 4 categories according to ANZSCO category skill level from most to least skilled: Managers (1), Professionals (2), Technicians and Trade Workers (3), Community and Personal Service Workers (4), Clerical and Administrative Workers (5), Sales Workers (6), Machinery Operators and Drivers (7), Laborers (8). All measures derived from CheckPoint (age 11--12 years) unless otherwise indicated. ANZSCO indicates Australian and New Zealand Standard Classification of Occupations; AUD, Australian dollars; CDC, Centers for Disease Control and Prevention; LSAC, Longitudinal Study of Australian Children; SEP, socioeconomic position.

Measured at LSAC wave 6 (age 10--11).

Summary of all LSAC waves (age 0--11).

Family and Neighborhood SEP {#jah32404-sec-0029}
---------------------------

There was evidence of a cross‐sectional association between both family and neighborhood SEP with maximum carotid IMT but not with mean carotid IMT (Table [4](#jah32404-tbl-0004){ref-type="table-wrap"}). When SEP was treated as a categorical variable, the difference in maximum carotid IMT between the highest and lowest quartiles of family SEP measured at ages 10 to 11 years was 10.7 μm (95% CI, 3.4--18.0; *P*=0.004) in linear regression models adjusted for age, sex, body mass index *z* score, mean arterial blood pressure, pubertal category, minimal intima--intima lumen diameter, and exposure to passive smoking. In Table [4](#jah32404-tbl-0004){ref-type="table-wrap"} (and for *P*‐value calculations in Figure [2](#jah32404-fig-0002){ref-type="fig"}), SEP was used as a quasicontinuous variable with results presented per unit increment of SEP quartile to observe linear trends across the whole sample. In univariable analyses, each quartile increment higher of family SEP was associated with a 3.7‐μm thicker carotid IMT (95% CI, 1.6--5.8; *P*=0.001); the equivalent neighborhood SEP quartile increment was associated with a 2.6‐μm thicker carotid IMT (95% CI, 0.4--4.8; *P*=0.02). In multivariable analysis including both SEP variables and previously mentioned covariates, the association between family SEP and maximum carotid IMT remained statistically significant (model 3, β=3.0; 95% CI, 0.6--5.4; *P*=0.02), whereas the neighborhood SEP association attenuated toward the null hypothesis (β=1.2; 95% CI, −1.3 to 3.6; *P*=0.34).

###### 

Unadjusted and Adjusted Linear Regression Models of Mean and Maximum Carotid IMT and Family and Neighborhood SEP

  LSAC Wave 6 SEP Measures, at Age 10--11 Y   Mean Carotid IMT   Maximum Carotid IMT                     
  ------------------------------------------- ------------------ --------------------- ----------------- -------
  Unadjusted                                                                                             
  Family (per quartile lower)                 1.0 (−1.7, 3.7)    0.46                  3.7 (1.6, 5.8)    0.001
  Neighborhood (per quartile lower)           1.3 (−1.5, 4.1)    0.38                  2.6 (0.4, 4.8)    0.02
  Model 1---age‐ and sex‐adjusted                                                                        
  Family (per quartile lower)                 1.1 (−1.6, 3.8)    0.41                  3.8 (1.6, 5.9)    0.001
  Neighborhood (per quartile lower)           1.2 (−1.6, 4.0)    0.40                  2.6 (0.3, 4.8)    0.02
  Model 2---additional covariates                                                                        
  Family (per quartile lower)                 0.9 (−2.1, 3.9)    0.56                  3.3 (1.0, 5.7)    0.005
  Neighborhood (per quartile lower)           0.5 (−2.5, 3.5)    0.74                  2.1 (−0.3, 4.4)   0.08
  Model 3---single model                                                                                 
  Family (per quartile lower)                 0.8 (−2.3, 3.9)    0.61                  3.0 (0.6, 5.4)    0.02
  Neighborhood (per quartile lower)           0.3 (−2.9, 3.4)    0.87                  1.2 (−1.3, 3.6)   0.34

Regression coefficients are expressed as the μm difference in carotid IMT per quartile lower in SEP measure. Model 1 models were adjusted for age and sex, Model 2 for age, sex, body mass index z score, mean arterial blood pressure, pubertal category, minimal intima‐intima lumen diameter and exposure to passive smoking. The final Model 3 included both family and neighborhood SEP in the same model, along with all other covariates used in Model 2. Family SEP is a composite measure, standardized within each LSAC wave, summarizing parental education, occupation and household income. Neighborhood SEP uses Australian census‐derived data to generate a Socioeconomic Indexes For Areas (SEIFA) advantage/disadvantage score, according to family residential address postcode. CI indicates confidence interval; IMT, intima‐media thickness, LSAC, Longitudinal Study of Australian Children; SEP, socioeconomic position.

![Longitudinal associations between early life family SEP (age in parentheses) and mid‐childhood maximum carotid IMT (age 11--12 years). Diamonds are adjusted point estimates of maximum carotid IMT mean according to SEP quartile. Horizontal bars indicate 95% confidence intervals of estimates. The vertical dotted line is the total sample mean. *P* value for each wave is for trend across quartiles. Family SEP is measured at each LSAC wave 1 to 6 (diamond color) and derived from the same parental questions on income, occupation, and education. LSAC wave 1 data used an earlier version of the occupational categorization (dashed bars) but were derived in the same way. Carotid IMT was measured after LSAC wave 6, during CheckPoint, at age 11 to 12 years. Models adjusted for age, sex, body mass index *z* score, mean arterial blood pressure, pubertal category, minimal intima--intima lumen diameter, and exposure to passive smoking. CheckPoint indicates Child Health CheckPoint; IMT, intima--media thickness; LSAC, Longitudinal Study of Australian Children; SEP, socioeconomic position.](JAH3-6-e005925-g002){#jah32404-fig-0002}

In longitudinal analysis of data gathered in 2‐year intervals since ages 0 to 1 year, family SEP was consistently associated with maximum carotid IMT measured at ages 11 to 12 years. This was evident even when SEP was measured in infancy (Figure [2](#jah32404-fig-0002){ref-type="fig"}). When family SEP was treated as a categorical variable in a multivariable regression model, the difference in maximum carotid IMT between the highest and lowest quartiles of family SEP measured at ages 2 to 3 years was 8.5 μm (95% CI, 1.3--15.8; *P*=0.02). The per‐quartile increment when family SEP was modeled linearly was 3.1 μm (95% CI, 0.8--5.4; *P*=0.008). Similarly, consistent longitudinal patterns were also observed between neighborhood SEP and maximum carotid IMT (Figure [3](#jah32404-fig-0003){ref-type="fig"}).

![Longitudinal associations between early life neighborhood SEP (age in parentheses) and mid‐childhood maximum carotid IMT (age 11--12 years). Circles are adjusted point estimates of maximum carotid IMT mean, according to SEP quartile. Horizontal bars indicate 95% confidence intervals of estimates. The vertical dotted line is the total sample mean. *P* value for each wave is for trend across quartiles. Neighborhood SEP is measured using the SEIFA advantage/disadvantage score, based on child\'s postcode of residence (circle color) and derived from census data in 2006 (dashed horizontal bars) and 2011 (solid horizontal bars). Neighborhood SEP was measured biennially at each LSAC wave since birth (LSAC waves 1--6). Carotid IMT was measured after LSAC wave 6, during CheckPoint, at age 11 to 12 years. Models adjusted for age, sex, body mass index *z* score, mean arterial blood pressure, pubertal category, minimal intima--intima lumen diameter, and exposure to passive smoking. CheckPoint indicates Child Health CheckPoint; IMT, intima--media thickness; LSAC, Longitudinal Study of Australian Children; SEP, socioeconomic position.](JAH3-6-e005925-g003){#jah32404-fig-0003}

It is important to note that correlation in SEP variables between LSAC waves was substantial. Pearson correlation coefficients between SEP measures in LSAC waves 1 to 6 ranged from 0.76 to 0.90 for family SEP and 0.56 to 0.93 for neighborhood SEP. The Pearson correlation coefficients between neighborhood and family SEP at each LSAC wave ranged from 0.32 to 0.37.

Household Income, Parental Occupation, and Parental Education {#jah32404-sec-0030}
-------------------------------------------------------------

In unadjusted linear regression analyses, all 3 component variables that make up family SEP---household income, highest parental education, and highest parental occupation at child ages 10 to 11 years---were associated with the continuous measure of maximum carotid IMT at ages 11 to 12 years (Table [5](#jah32404-tbl-0005){ref-type="table-wrap"}). In multivariable analyses including age, sex, body mass index *z* score, mean arterial blood pressure, pubertal category, minimal intima--intima lumen diameter, and exposure to passive smoking as covariates, the associations between equivalized household income and highest parental occupation with maximum carotid IMT remained statistically significant (*P*≤0.05). None of the component SEP variables was associated with maximum carotid IMT when all components were included in the same model, suggesting substantial collinearity between different measures of family SEP. Pearson correlation coefficients were 0.46, 0.31, and 0.32 between highest parental education and occupation, between highest parental occupation and equivalized household income, and between highest parental education and equivalized household income, respectively.

###### 

Unadjusted and Adjusted Linear Regression Models of Mean and Maximum Carotid IMT and Components of Family SEP

  LSAC Wave 6 SEP Components, at Age 10 to 11 Y   Mean Carotid IMT   Maximum Carotid IMT                     
  ----------------------------------------------- ------------------ --------------------- ----------------- -------
  Unadjusted                                                                                                 
  Parental education category                     0.3 (−2.5, 3.1)    0.84                  2.5 (0.2, 4.7)    0.03
  Parental occupation category                    −1.3 (−5.1, 2.5)   0.50                  4.0 (1.0, 7.0)    0.009
  Equivalized household income quartile           1.8 (−0.9, 4.5)    0.20                  2.3 (0.1, 4.5)    0.04
  Model 1---age‐ and sex‐adjusted                                                                            
  Parental education category                     0.4 (−2.5, 3.2)    0.81                  2.5 (0.3, 4.7)    0.03
  Parental occupation category                    −1.3 (−5.1, 2.4)   0.49                  4.0 (1.0, 6.9)    0.009
  Equivalized household income quartile           1.7 (−1.0, 4.4)    0.23                  2.2 (0.1, 4.4)    0.04
  Model 2---additional covariates                                                                            
  Parental education category                     0.4 (−2.7, 3.6)    0.78                  2.3 (−0.1, 4.7)   0.07
  Parental occupation category                    −1.2 (−5.4, 2.9)   0.57                  3.6 (0.3, 6.8)    0.03
  Equivalized household income quartile           2.1 (−0.8, 5.0)    0.16                  2.3 (0.0, 4.6)    0.05
  Model 3---single model                                                                                     
  Parental education category                     0.4 (−3.3, 4.2)    0.82                  1.6 (−1.3, 4.5)   0.28
  Parental occupation category                    −1.6 (−6.5, 3.3)   0.52                  2.5 (−1.3, 6.3)   0.20
  Equivalized household income quartile           2.4 (−0.9, 5.7)    0.15                  1.0 (−1.5, 3.6)   0.43

Regression coefficients are expressed as the μm difference in carotid IMT per category or quartile lower in SEP measure. Model 1 models we adjusted for age and sex, Model 2 for age, sex, body mass index z score, mean arterial blood pressure, pubertal category, minimal intima‐intima lumen diameter, exposure to passive smoking, and neighborhood SEP. The final Model 3 included all components of family SEP in the same model, along with covariates used in Model 2. Family SEP is a composite measure, standardized within each LSAC Wave, summarizing parental education, occupation and household income. Neighborhood SEP uses Australian census‐derived data to generate a Socioeconomic Indexes For Areas (SEIFA) advantage/disadvantage score, according to family residential address postcode. CI indicates confidence interval; IMT, intima‐media thickness, LSAC, Longitudinal Study of Australian Children; SEP, socioeconomic position.

Carotid IMT \>75th Percentile {#jah32404-sec-0031}
-----------------------------

In modified Poisson regression analyses, family SEP was inversely associated with higher risk (\>75th percentile) maximum carotid IMT (Table [6](#jah32404-tbl-0006){ref-type="table-wrap"}). Relative risks of similar magnitude were observed with occupation category, education, and income quartiles in adjusted analyses (Table [6](#jah32404-tbl-0006){ref-type="table-wrap"}). The relative risk for higher risk carotid IMT in the lowest SEP quartile compared with the highest SEP quartile was 1.41 (95% CI, 1.09--1.82; *P*=0.008) when measured at 10 to 11 years of age and 1.43 (95% CI, 1.10--1.86; *P*=0.008) when measured at 2 to 3 years of age, in unadjusted models. These associations were not attenuated in multivariable models (Table [6](#jah32404-tbl-0006){ref-type="table-wrap"}).

###### 

Relative Risk for a "Higher‐Risk" Mean and Maximum Carotid IMT (\>75th Percentile) at Age 11 to 12 Years

  SEP, Measured at LSAC Wave 6, at Age 10 to 11 Y   n      Carotid IMT \>75th Percentile                              
  ------------------------------------------------- ------ ------------------------------- ------ ------------------- ------
  Neighborhood SEP quartile                         1298                                   0.08                       0.02
  Highest quartile                                  338    Ref                                    Ref                 
  Second quartile                                   316    1.25 (0.95, 1.65)                      1.09 (0.82, 1.45)   
  Third quartile                                    374    1.40 (1.06, 1.85)                      1.30 (0.98, 1.72)   
  Lowest quartile                                   270    1.25 (0.92, 1.69)                      1.35 (1.01, 1.80)   
  Family SEP quartile                               1298                                   0.29                       0.01
  Highest quartile                                  332    Ref                                    Ref                 
  Second quartile                                   325    1.21 (0.92, 1.60)                      1.26 (0.94, 1.70)   
  Third quartile                                    328    1.05 (0.78, 1.40)                      1.26 (0.94, 1.69)   
  Lowest quartile                                   313    1.24 (0.93, 1.64)                      1.46 (1.09, 1.95)   
  Parental education                                1298                                   0.22                       0.03
  Tertiary graduate                                 778    Ref                                    Ref                 
  Y 12 and diploma/certificate                      303    0.82 (0.63, 1.07)                      0.96 (0.75, 1.23)   
  Y 12 only                                         71     0.99 (0.64, 1.54)                      1.27 (0.85, 1.90)   
  \<Y 12 and diploma/certificate                    125    1.35 (1.01, 1.81)                      1.40 (1.05, 1.87)   
  \<Y 12 only                                       21     0.99 (0.47, 2.10)                      1.20 (0.63, 2.30)   
  Parental occupation                               1283                                   0.60                       0.02
  Managers/professionals                            867    Ref                                    Ref                 
  Trade/services                                    247    1.00 (0.77, 1.29)                      1.14 (0.89, 1.46)   
  Clerical/sales                                    133    0.95 (0.68, 1.32)                      1.52 (1.16, 1.98)   
  Laborer/driver/operators                          36     0.82 (0.41, 1.66)                      1.01 (0.55, 1.87)   
  Equivalized household income                      1242                                   0.75                       0.05
  Highest quartile                                  316    Ref                                    Ref                 
  Second quartile                                   312    1.08 (0.81, 1.43)                      1.39 (1.03, 1.87)   
  Third quartile                                    312    1.13 (0.85, 1.49)                      1.40 (1.04, 1.89)   
  Lowest quartile                                   302    1.03 (0.77, 1.38)                      1.37 (1.01, 1.85)   

Values calculated using modified Poisson regression models adjusted for age, sex, body mass index z score, mean arterial blood pressure, pubertal category, minimal intima‐intima lumen diameter and exposure to passive smoking. Equivalized household income calculated as household (parental and other) weekly income divided by the square root of the number of family members, and split into quartiles. *P* values for trend across categories treat the exposure categories as a quasicontinuous variable.

Sensitivity Analyses {#jah32404-sec-0032}
--------------------

Analyses using imputed data in linear regression models gave results similar to those presented. Analyses using imputed data in modified Poisson regression models provided estimates with wider confidence intervals, which attenuated previously significant associations; however, the magnitude and direction of the point estimates remained similar.

In further separate analyses, we recategorized parental education into 3 groups and rescored parental occupation according to an alternative occupational ranking scale (AUSEI06). In a final sensitivity analysis, we included birth weight *z* scores to account for some potential postnatal factors. The results from these sensitivity analyses were similar to those presented.

Discussion {#jah32404-sec-0033}
==========

We provide the first evidence that the association between lower family SEP and subclinical atherosclerosis is already present in mid‐childhood. These findings are in keeping with the social gradients of traditional risk factors causally implicated in CVD pathogenesis, such as hypertension[30](#jah32404-bib-0030){ref-type="ref"} and obesity.[31](#jah32404-bib-0031){ref-type="ref"} The association between family SEP and carotid IMT was only mildly attenuated when accounting for neighborhood SEP and possible confounders and mediators, such as adiposity, blood pressure, and passive smoking exposure. In addition, longitudinal analyses suggest that SEP measured as early as ages 2 to 3 years is associated with subsequent subclinical atherosclerosis.

To our knowledge, this study is the first to examine the association between early life SEP and a widely used marker of subclinical atherosclerosis in mid‐childhood. Previous studies have reported that carotid IMT differs according to SEP in adults[10](#jah32404-bib-0010){ref-type="ref"}, [11](#jah32404-bib-0011){ref-type="ref"}, [12](#jah32404-bib-0012){ref-type="ref"}, [13](#jah32404-bib-0013){ref-type="ref"} and adolescents.[14](#jah32404-bib-0014){ref-type="ref"}, [32](#jah32404-bib-0032){ref-type="ref"} We provide evidence that lower SEP in very early childhood, and repeated measures of SEP throughout childhood, are associated with increased IMT at midchildhood. The absolute magnitude of the association is small---an effect size of 0.23 and 0.12 SD between highest and lowest family and neighborhood SEP quartiles, respectively, in cross‐sectional analyses---however, the association is consistent across different measures and components of SEP. Children in the lowest family SEP quartile have a 46% greater relative risk of having a maximum carotid IMT in the higher risk category, corresponding to an estimated vascular age at least 8 years older than their chronological age, according to published data on adolescent reference values.[24](#jah32404-bib-0024){ref-type="ref"} Such a trajectory persisting unchecked into adulthood may have clinical implications. Adults with carotid IMT in the top quartile (or evidence of carotid plaque) would have approximately twice the hazard for CVD, myocardial infarction, or stroke compared with counterparts with "normal" carotid IMT.[33](#jah32404-bib-0033){ref-type="ref"}

Our study indicates that in children, family SEP and neighborhood SEP were associated with maximum carotid IMT but not with mean IMT. Maximum IMT has been suggested to be more relevant to cardiovascular risk[7](#jah32404-bib-0007){ref-type="ref"} and describes the nature of focal thickening of the intima--media early in the life course better than mean measures.[34](#jah32404-bib-0034){ref-type="ref"}, [35](#jah32404-bib-0035){ref-type="ref"} Prior studies among children have suggested using maximum carotid IMT measurements,[34](#jah32404-bib-0034){ref-type="ref"}, [36](#jah32404-bib-0036){ref-type="ref"} despite mean and maximum carotid IMT correlating strongly (*r*=0.76 in our cohort). A plausible explanation for different findings between mean and maximum carotid IMT is that the superior reproducibility of maximum IMT allowed an association to be detected, whereas noise in mean IMT measurement attenuated a true signal. Regardless, the mean carotid IMT regression estimates, although not statistically significant (*P*≤0.05), are consistent with the maximum carotid IMT estimates in direction and magnitude (Table [4](#jah32404-tbl-0004){ref-type="table-wrap"}). This adds weight to our overall conclusion that evidence shows a social gradient in carotid IMT measurement at 11 to 12 years of age.

Differences in associations with maximum carotid IMT between neighborhood and family SEP warrant further investigation. In our cohort, both measures were associated with IMT when analyzed separately, whereas family SEP seemed to have stronger explanatory power when analyzed simultaneously with neighborhood SEP. We suggest that family factors, for example, shared genetics and household environment, may be more important than neighborhood factors in the development of subclinical atherosclerosis. This is supported by recent evidence suggesting the causal pathways between neighborhood SEP and CVD involve SEP trends within individuals rather than the availability of resources.[37](#jah32404-bib-0037){ref-type="ref"} Further breakdown of the family SEP variable did not reveal clear differences in associations between carotid IMT and highest parental education, occupation, or household income (Table [5](#jah32404-tbl-0005){ref-type="table-wrap"}).

Further work is required to examine detailed mechanisms for the observed associations between SEP and carotid IMT. An association measurable by at least ages 2 to 3 years implies that early life heritable and/or environmental factors are likely to contribute. Their relative contribution and pathogenic mechanisms cannot be determined in the present study. CheckPoint did not have IMT measures from birth, but future studies could address whether associations between SEP and aortic IMT exist from birth. It is conceivable that differences may already exist in utero. Indeed, increased fatty streak formation has been observed in pregnancies of mothers with hypercholesterolemia.[38](#jah32404-bib-0038){ref-type="ref"} It is generally accepted that fetal environment partially determines cardiovascular risk,[39](#jah32404-bib-0039){ref-type="ref"} and this could partly represent intergenerational cellular memory mediated via epigenetic phenomena[40](#jah32404-bib-0040){ref-type="ref"} such as global hypermethylation of DNA secondary to chronic inflammation.[41](#jah32404-bib-0041){ref-type="ref"}

Differential postnatal exposure to modifiable risk factors such as obesity, elevated blood pressure, and smoking over the life course are likely mechanisms by which SEP worsens atherosclerosis and increases risk for CVD.[42](#jah32404-bib-0042){ref-type="ref"}, [43](#jah32404-bib-0043){ref-type="ref"}, [44](#jah32404-bib-0044){ref-type="ref"}, [45](#jah32404-bib-0045){ref-type="ref"} Many of these exposures are initiated in childhood and adolescence, setting individuals on worse health trajectories later in life. It is plausible that early socioeconomic differences influence these risk factors, culminating in detectable changes in carotid IMT. Our sample demonstrated clear socioeconomic gradients in body mass index, blood pressure, and passive smoking exposure (Table [3](#jah32404-tbl-0003){ref-type="table-wrap"}); however, the association between SEP and IMT was independent of these factors. Other risk factors such as lipid profile, physical activity, and diet were not examined in this study, but it is unlikely that the present findings would be entirely attenuated by adjustment for these factors.[46](#jah32404-bib-0046){ref-type="ref"} In a comparative analysis of adult data, health behaviors accounted for socioeconomic differences in mortality only when the behaviors themselves were similarly patterned,[45](#jah32404-bib-0045){ref-type="ref"} suggesting that diet and physical activity are only a subset of potential mechanisms through which SEP affects health. Novel, nontraditional risk factors, such as increased childhood inflammatory burden, may contribute to the association between low SEP and atherosclerosis.[47](#jah32404-bib-0047){ref-type="ref"} Further detailed analyses of the intermediate pathways by which SEP influences early carotid IMT are warranted.

A number of limitations of our study warrant further consideration. The clinical consequences of increased carotid IMT in mid‐childhood are unknown. Associations between exposures such as obesity and cardiovascular risk may be modified in adolescence and early adulthood. Obese children who become thin adults, for example, have cardiovascular risk similar to those who were never obese.[48](#jah32404-bib-0048){ref-type="ref"} Data from ongoing studies measuring carotid IMT since young adulthood, such as those from the Cardiovascular Risk in Young Finns Study, may provide informative answers in the next decade,[49](#jah32404-bib-0049){ref-type="ref"} but withholding recommendations until longitudinal follow‐up of disease seems untenable in the context of the childhood obesity epidemic. Further studies are required to understand the relationship between childhood and adult IMT and the risk of CVD. Investigation of other markers of subclinical atherosclerosis, such as arterial distensibility and elasticity, or markers of microcirculation arteriosclerosis may be informative.

The CheckPoint sample is derived from an Australian population, limiting the generalizability of our conclusions to other ethnicities or cultural contexts. Sample characteristics such as Aboriginal or Torres Strait Islander status or speaking a language other than English at home did not substantially predict IMT, but the low proportion of these families in the sample meant that this study was not adequately powered to observe differences. Ethnic differences in carotid IMT[50](#jah32404-bib-0050){ref-type="ref"} may explain family SEP gradients in some contexts[51](#jah32404-bib-0051){ref-type="ref"}; however, no evidence in the CheckPoint sample showed that ethnicity is a driving factor. Future studies comparing ethnically diverse groups including the Aboriginal population may provide further insight into this relationship. Moreover, the moderate response rate itself reduced the generalizability of our findings and introduced potential for selection bias. In particular, excluded participants had lower SEP than participants of the CheckPoint study overall; CheckPoint participants were relatively advantaged. The national mean for neighborhood SEP, for example, is set at 1000 (SD 100), and the lowest quartile of our sample had a mean of 1004 (SD 68). Across the wider national cohort, the carotid IMT differences are likely to be considerably greater; the undersampling of lower SEP families indicates the reported regression coefficients likely underestimate an association. The corollary is that even in this selective sample of advantaged families, evidence shows a family SEP gradient in carotid IMT.

Given the lack of clinical recommendations in children, we used published adult consensus statements to choose the 75th percentile cutoff point; this is used to indicate higher risk carotid IMT in adults[22](#jah32404-bib-0022){ref-type="ref"} and has been endorsed by the Association for European Pediatric Cardiology as a cutoff for abnormal IMT at younger ages.[52](#jah32404-bib-0052){ref-type="ref"} Nevertheless, this sample‐defined dichotomization should be interpreted with caution because it may not reflect the underlying population at the 75th percentile. If our sample were healthier than the general population, the 75th percentile cutoff would be at a lower level that inaccurately reflects underlying pathology. Longitudinal follow‐up is necessary to demonstrate the clinical relevance of this cutoff point.

We observed that SEP evaluated throughout childhood was associated with maximum carotid IMT at ages 11 to 12 years. Because SEP levels in early childhood are highly correlated with midchildhood SEP, it is difficult to know whether early childhood SEP per se is associated with IMT later in childhood or whether the finding is due to strong tracking of SEP.

Finally, our analyses are limited to the right carotid artery. A number of studies report an average of both arteries, whereas some studies report results from only the right artery.[53](#jah32404-bib-0053){ref-type="ref"} Some evidence suggests that left and right arteries have different IMTs; atherosclerosis tends to be more advanced in the left carotid artery compared with the right,[54](#jah32404-bib-0054){ref-type="ref"} possibly because of differences in left and right cerebral circulations. Even if the left carotid artery were thicker than the right by midchildhood, by measuring only 1 side, we were unlikely to introduce systematic biases.

In conclusion, we present evidence that family SEP and neighborhood SEP are associated with a marker of subclinical atherosclerosis by early childhood, independent of age, sex, puberty, passive smoking exposure, blood pressure, body size, and neighborhood SEP. Consistent evidence showed an association between SEP from early life and midchildhood carotid IMT. Future investigation should focus on how household factors influence early life health behaviors as potential mechanisms by which SEP alters early life trajectories of cardiovascular risk.
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